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The continual shrinking of semiconductor device geometries has 
heightened their sensitivity to smaller and smaller defects, and put 
increasing pressure on the tools used for defect detection. Further, 
even as the geometries are shrinking, the silicon area needing to be 
inspected is growing as wafers increase in diameter from four to six, to 
eight, to ten, to twelve and to sixteen inches (Table 1). This paper 
discusses a new technology for non-destructive evaluation of defects on 
silicon wafer surfaces using an Insystems 8600 Holographic defect 
detection system. 
DESCRIPTION 
The technology takes advantage of the fact that an optical Fourier 
transformation can be performed on a subject by illuminating the subject 
with a coherent light source, and using a lens to image the subject at 
infinity. The Fourier transform of the light reflecting from the 
subject will occur in the back focal plane of the lens. Information 
about the subject will be redistributed in the Fourier transform plane 
corresponding to the spatial frequency content of the reflected light. 
Table 1. Manual Inspection of Wafers 
Wafer Wafer Scan Area* 
Diameter Area 100X 
16" 1297 sq cm 7.62 sq em 
12" 730 sq cm 5.72 sq em 
8" 314 sq cm 3.81 sq em 
6" 177 sq em 2.86 sq em 
5" 123 sq em 2.38 sq em 
4" 79 sq cm 1. 91 sq em 
3" 44 sq em 1. 43 sq cm 
2" 20 sq cm .95 sq em 
* Scan Area .. s .. type scan (2.5 X Wfr. 
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Scan Area 
% 
0.6 % 
0.8 % 
1.2 % 
1.6 % 
1.9 % 
2.4 % 
3.3 % 
4.6 % 
Dia.) ( 750 u FOV) 
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In the simplest case, the subject wafer can be thought of as a 
diffraction grating. Constructive and destructive interference takes 
place when waves of coherent light encounter the closely spaced lines 
and spaces of a diffraction grating. This means that the light will be 
scattered at only a few, precisely defined spatial angles. 
A typical semiconductor memory product will consist of many 
repetitive structures which can be thought of as a very complex 
diffraction grating. When illuminated with coherent light, these 
repetitive structures will broadcast repetitive spatial frequencies of 
light. As seen on the transform plane, these different spatial 
frequencies will be seen as an array of regularly spaced points of 
light. The distance from the optical axis of the system will be 
proportional to the spatial frequency. 
Since all of the repetitive information contained in the subject 
is transformed into a series of points of light, all of this information 
could be blocked if an opaque filter were put at each point of light. 
If an inverse Fourier transform were then performed, only the non-
repetitive information from the original subject would be present in the 
resulting image. For a wafer with a memory product image on it, this 
would mean that the repeating memory array information would be blocked, 
but any defect information would not be blocked. 
This idea is not new, but its application has been limited by the 
difficulty involved in the creation of the appropriate blocking filter. 
For example, the locations and sizes of the opaque regions on the filter 
can be calculated from basic optical principles, but a filter created in 
this fashion will not compensate for any distortions or aberrations in 
the optical path. 
Insystems solved the filter creation problem by exposing an 
emulsion-coated glass photographic plate in the Fourier transform plane 
(Figure 1). The developed plate contains the necessary opaque regions 
to block the repetitive information. When re-inserted in the system, 
the glass plate becomes a part of the optical path, introducing its own 
distortions of the image rays coming from the non-repetitive information 
on the subject wafer. To correct for the distortions and aberrations 
introduced by all of the optical components, ~nsystems introduced 
holography as a means to generate the inverse Fourier transform. 
After filtering, the non-repetitive information is captured on a 
hologram created on second emulsion-coated glass photographic plate 
(Figure 2). This hologram is created by splitting the beam from a laser 
into two parts, using one to illuminate the subject, and the second as a 
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Figure 2. Creating the Hologram 
reference beam. The hologram captures all of the information coming 
from the subject, and includes all of the distortion introduced by the 
optical components. When developed, and re-inserted in the system, this 
hologram can be illuminated by a reference beam, conjugate to the 
original beam from the laser. 
The subject information from the hologram will exactly reverse ray 
trace back through the optical system. Because of the exact reverse 
ray-trace feature, distortions and aberrations will be completely 
eliminated. In this way, a diffraction limited, three-dimensional real 
image of the non-repeating information from the original subject wafer 
will be created (Figure 3). 
Figure 4 A&B shows images of an original subject wafer as seen in 
a conventional microscope, and images of the holographic reconstruction 
of the same subject, with the repetitive information subtracted. 
Defects are easily identifiable. The holographic reconstruction can be 
scanned with a CCD camera, and the location of all defects can be 
recorded and displayed. A typical defect map is shown as Figure 5. The 
system is specified to detect defects down to a minimum size of 0.5 
micron, and has shown some evidence of smaller defect capture. 
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Figure 3. Creating the 3D Holographic Image 
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Figure 4. Microscope Photo and Corresponding Holographic Image 
RESULTS 
The scanning of the holographic image of the subject wafer is very 
fast, approximately five square centimeters per minute, which allows 
scans of larger and larger wafer surfaces in reasonable times. Typical 
scan times for a six inch silicon wafer are on the order of 20 minutes. 
This technique has found and corrected several problems in several 
National Semiconductor fabs. Characterization of the capabilities of 
the system is ongoing, with plans to evaluate such parameters as the 
minimum detectable defect size, and correlation of defects to yield. 
This method of analysis is totally non-destructive, requiring only 
a few minutes to shoot a hologram of the subject surface. While the 
Insystems 8600 is designed for wafer subjects, any flat, repetitive 
substrate could be inspected for defects in this fashion. This new 
technology shows considerable promise for revolutionizing future defect 
detection strategies. 
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Figure 5. Defect Map of a 6-inch Wafer 
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